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INTRAVITAM BONE MARROW STUDIES
PRELIMINARY REPORT
PART I
DESCRIPTION OF A MARROW TREPHINE AND EXPERIMENTAL
STUDIES
LAIRD M. MORRIS, M.D., and ERNEST H. FALCONER, M.D.
SAN FRANCISCO
During the latter part of 1920 one of us (L.M.M.) devised a small
drill carrying an outer detachable casing, the purpose of which was to
trephine long bones in order to secure specimens of living bone marrow
for histologic study. The problems which were opened to approach by
this new method of study were undertaken jointly in 1921.
To G. Ghedini1 is conceded the credit of marrow puncture for
diagnosis and prognosis. In 1910 he elaborated on this method of
diagnosis in certain diseases of the blood and presented to the profession
a most comprehensive article based on his experience and that of
others regarding the importance of his procedure. He concludes some
facts of primary importance; namely, that disease of the hematopoietic
system can occur without changes in the blood and that there are many
variations between bone marrow findings and those of the blood. That
furthermore, severe pathology could be present for some time in the
hematopoietic system without changes in the blood picture, either pre-
existing, accompanying, or following; and that the frequency of such
an occurrence makes old statistics unreliable because of missed cases.
He advocates marrow puncture as a useful procedure.
Since this method was advocated, we have found references in some
of the continental publications to bone marrow trephine as a method
of diagnosis in certain atypical blood diseases, but the English and
American literature is decidedly lacking in the realization of the impor¬
tance of this procedure. We feel that our experience with marrow
puncture, although small, might aid in placing this method before the
profession.
The pathologic conditions involving bone marrow and the diseases
in which bone marrow punctures might supply information of value
were considered carefully. Should the method prove practical, it might
be used in (1) the various types of acute and chronic leukemias ; (2)
atypical leukemias, chloroma and pseudoleukemia ; (3) pernicious
From the Pathological Department and Medical Clinic University of
California Medical School.
1. Ghedini: Wien. klin. Wchnsch. 23:1840, 1910.
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anemia; (4) aplastic anemia, unclassified anemias, anemias due to
sepsis, toxic agents, and invasion of marrow by tumor formation;
chronic hemolytic jaundice and osteosclerotic anemia; (5) polycythemia
and (6) purpura and allied conditions.
With this field in mind, obviously the first step was to try out the
feasibility of this procedure by animal experimentation. For this, an
instrument smaller but identical to the one described herein and driverf
by a reciprocating hand drill was used.
DESCRIPTION OF MARROW TREPHINE
The small trephine instrument as reproduced in the accompanying illustration
is drawn to scale and represents the type used on human beings for tibia puncture.
The drill proper, an ordinary steel drill (detempered), is embedded in a solid
steel base, the diameter of which is identical with the standard base of an
ordinary dental drill. The casing  bored from a solid steel tube of the same
diameter is of slightly shorter length than the naked drill proper and fits it
snugly. The proximal circumference is longitudinally cut and fits identically
into opposite grooves cut in the distal circumference of the base, into which
the drill proper is set. The distal circumference of the casing is toothed and
sharpened and cuts simultaneously, the drill proper preceding the casing about
one-eighth of an inch. The bone dust is forced up the grooved drill inside the
casing.
Technic.—Both the drill proper and the casing pierce the cortex of the bone
and enter the marrow cavity. The drill is then removed, leaving the casing in
the marrow cavity and protecting the same from blood or other cellular tissue.
In this way it is possible to obtain an uncontaminated marrow specimen. A
lumbar puncture needle with approximately a third of the diameter longitudi¬
nally grooved has been used to ream the marrow confined within the lower
portion of the casing as it rests in the marrow cavity. The drill is driven by
a dental engine, the puncture being readily accomplished by high speed and
slight pressure. A skin incision about 1 cm. in length precedes the application
of the drill to the bone (tibia). The entire operation is performed under local
anesthesia. Silk is used to close the skin wound.
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We endeavored to prove two points. First, that living rabbits sub¬
jected to bone marrow puncture will show no untoward effects from
such an operation. Second, that marrow specimens scooped through
the casing limiting the trephine opening will by histologie study reveal
the true physiologic or pathologic condition of the marrow. (This
attempt is obviously limited to the cytology only.)
From a series of six healthy rabbits, the blood pictures of which
totaled within normal limits for red and white blood cells and differen¬
tial counts,2 femur punctures were made under aseptic conditions and
the marrow smears studied histologically.
Technic for Marrow Smears and Cultures.—The marrow specimen
removed from the casing is small in amount and dries quickly when
exposed to the air. To insure against cellular distortion we smear the
marrow specimen immediately after its withdrawal upon sterile cover
s ips ; float face downward in methyl alcohol for fixation and stain by
May-Grünwald-Giemsa and Wright's methods. For section compari¬
son, Wolbach's modification of the Giemsa method or a combination of
May-Grünwald and Giesma stains was used after the fixed marrow
(two parts saturated mercuric chlorid solution and one part absolute
alcohol) had been run down to water and immersed in methyl alcohol.
For cultural work we attempted aspiration of the marrow by a Luer
syringe with a nonbeveled needle. Difficulty was always encountered in
aspiration ; usually the specimen contained much blood and little
marrow. Such specimens may be used for marrow cultures in bactéri¬
ologie work but are decidedly unfit for histologie study. Thus far we
have used the more common culture mediums in our attempts to grow
organisms from such preparations.
The puncture wounds healed without infection in about two weeks.
The animals were then killed by ether inhalation. Superficial examina¬
tion at the site of the small trephine opening showed healing of
advancing degrees. In no case was the pathologic picture at the
trephine site of any marked importance as noted by the unaided eye.
In a single case the wound (superficial) was infected, but the bone and
marrow cavity was uninvolved.
In all cases the marrow was fixed and studied in section and com¬
pared with the smears obtained during life. The smears resembled the
marrow sections as to cell type and content. Allowance, however, was
made in smear preparations for mature red blood cells present, which
are constant and vary according to the number of ruptured sinuses pro¬
duced by trauma in obtaining the marrow.
2. There is much normal variation in rabbit's blood.
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Bunting's3 experiments on rabbits poisoned with saponin were
repeated, in part, with successful blood pictures of blastic crises. Such
a series of experiments gave opportunity to study erythrogenic activity
in both megaloblastic and normoblastic phases. Both marrow smears
and subsequent sections showed a profound action of the poison on the
erythroblastic tissues. The activity of the red cell elements was more
marked the longer the animal was kept under the influence of nonlethal
doses of the marrow toxin. In all cases an experimental anemia was
produced, giving pictures of blastic crises whenever saponin was
injected intravenously.
Following these experiments, we undertook others designed for more
careful study of red blood cell activity. Selling's 4 work on rabbits with
benzol was reproduced, in part. When a leukopenia of from two to
three thousand per c.mm. is produced, then injections of saponin bring
forth blastic activity in the blood interpreted as a profound toxic action
on the marrow. The regenerative activity approaches a purer type of
small and large premature red blood cell elements, the leukoblastic cells
being held largely in abeyance by the toxic action of benzol. It was felt
that by so doing a histopathologic marrow picture simulating primary
anemia might be approached more closely.
In our study of the white blood cell elements we produced continued
leukocytosis over varying periods of time by making subcutaneous
abscesses (turpentine) or infection of the peritoneum. In one rabbit
small injections of staphylococcus were given intravenously daily. In
some animals we were successful in producing a fairly marked (from
14,000 to 15,000) leukcocytosis for a week or more.
Our interpretation of the marrow smears and sections led us to
believe that the leukopoietic elements were in predominance, certainly
in marked contrast to the experiments with saponin. The marrow
smears and sections checked well. None of the animals showed
untoward results, although one rabbit was subjected to puncture four
times at two-day intervals for study of the developmental myelocytoses..
One animal sustained a spontaneous fracture of the femur in this
series.5
Such preliminary work gave opportunity to study both white and
red blood cell activity in the bone marrow by study of smears obtained
3. Bunting: J. Exper. M. 6:624, 1906.
4. Selling: Beitr. z. path. Anat. u. z. allg. Path. 51:576, 1911.
5. We attempted no work on fowl leukemia. It was felt that such a condition
might well be diagnosed from a marrow puncture, realizing in the pathology of
the disease a marked myeloid hyperplasia in the bone marrow.6
6. Ellermann: Verhandl. d. Deutsch. Path. Gesellsch. 12:224, 1908. Eller-
mann & Bang: Ztschr. f. Hyg. u. Infectionskr. 63:231, 1909. Schmeisser: J-
Exper. M. 22:820, 1915.
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from the same and to check such preparations against microtome sec¬
tions of the same marrow in the same phase of white or red celled
hyperplasia.
These preliminary experimental studies lead directly to the field of
marrow pathology in the human, more particularly cellular activity in
the long bones.
CONCLUSIONS
1. An instrument has been devised for perforating the cortex of the
long bones in animals and human beings to obtain specimens of living
marrow for histological study.
2. We have demonstrated on animals that the method is feasible
and safe.
3. We feel that the specimens of marrow obtained by this method
are satisfactory for microscopic study, but occasional dilution with
blood makes the specimen difficult to interpret. The smears from the
marrow checked up with postmortem preparations fixed and sectioned.
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